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ABSTRACT

A novel alternative configuration for waterjets was optimized
and evaluated for application to high water speed amphibians,
like the planned AAAV. The concept demonstrated good performance
in two generations of prototypes and a production run of  units
about half the size required for this application. Optimization
analysis was based on methods confirmed by tests of the earlier
units. Results show jet will provide satisfactory performance.
Limited data indicates improved system performance will be
realized from elimination of forward intakes of conventional
waterjets. The optimization study showed a 16 inch waterjet to
be optimum for the application. Adequate design engineering was
performed to assure feasibility of the proposed design and
availability of the needed components. The waterjet compares
favorably to conventional designs in length, weight,
maintainability, affordability and program risk. Installation
studies show four jets can be installed on the proposed transom
flap and will not project above the hull when retracted. An
alternate transom flap design, optimized for these Jjets,
provided a 1low level walkway for troop entry when the flap 1is
deployed and a troop door to permit entry without lowering the

transom flap.




TABLE OF CONTENTS

SUBJECT

Introduction

Discussi

Procedures
Equipment
Facilities

Data

Math computations
Results

Documentation

Drawings and Illustrations
Intermediate reports
Laboratory reports
Conference reports

Other research sources

Status of Accomplishments

Assignments

Performance optimization
Hydrodynamic design
Mechanical concept design
Jet system concept
Integration with vehicle

Tests

Conducted in this program
Test data from previous programs

Summary

Goals

Technical risk
Maintainability
Affordability

gonclusions

Recommendations

Appendices
Technical Presentation, Oct. 18, 1999
Technical Presentation, Jan. 29, 1991

Technical Presentation, April 26, 1991
Sample Mathematical Computations

PAGE

[SLARS LR NS RS I N

11
12
12
12
12

12

12
12
13
13
14
15

le

16
16

17

17
17
17
17

17

18

Appendix
Appendix
Appendix
Appendix

OQwy



WINGS AND ILLUSTRATIONS

Cross Section cf Series #1 Prototypes
Appendix A, REFLEX JET, Page 3 of 22

Cross Section of Series #2 Prototypes
Appendix A, REFLEX JET, Page 5 of 22

Cross Section of a Conventional Waterjet
Appendix A, REFLEX JET, Page 11 of 22

Torgque Converter Cross Section
Appendix A, REFLEX JET, Page 11 of 22

Side View, HPM Engine and Series #3 Waterjet
Appendix A, REFLEX JET, Page 15 of 22

Rear View, HPM Engine and Series #3 Waterjet
Appendix A, REFLEX JET, Page 16 of 22

HPM Outboard Jet
Appendix A, REFLEX JET, Page 16 of 22

AAAV Electric Waterjet Concept
Appendix A, REFLEX JET, Page 17 cf 22

AAAV Electric Waterjet Concept, Revised
Appendix B, REFLEX JET MID PROGRAM REVIEW, Page 4

AAAV Impeller and Reduction Gear Cross Section
Appendix B, REFLEX JET MID PROGRAM REVIEW, Page 5

AAAV Reflex Waterjet Elevation and Rear View, 1/2 Scale
(CDRL item A@81)

AAAV Reflex Waterjet Cross Section, 1/2 Scale
(CDRL item AB81)

AAAV Reflex Waterjet, Typical AAAV Installation
Figure 1, Page 19

Trunnion Mount Steering System
Figure 2, Page 28

Alternate "T" Flap Concept with Walkway and Crew Door
Figure 3, Page 21




INTEGRAL ELECTRIC MOTOR & REFLEX WATERJET
FOR_HIGH SPEED AMPHIBIANS
1. INTRODUCTION

Studies made for the LVA program indicated that higher water
speed, on the order of 25 miles per hour, was needed for assault

amphibians. This water speed would permit 1launching the
amphibians so far from shore that the threat of 1land based
missiles would be greatly reduced. The Falkland Island

experience confirmed the wvalidity of the requirement for
increased speed.

The general size and confiquration of an assault amphibian are
driven by the military mission and the need to maintain a track
contact 1lenath to tread ratio under about 2.8 to 1 to assure
acceptable steering characteristics. The heavy weight (over
60,000 pounds) and small bottom area (about 258 square feet plus
auxiliary systems) requires an unusually high 1ift coefficient.
The size of the auxiliary systems like bow flaps, chine flaps
and transom flaps is limited by practical constraints of 1land
mode combat operation. The trim angles required to develop the
required 1ift coefficients produce a high drag coefficient. The
product of the high drag ceoefficient and the heavy weight
produces a very large drag value that necessitates wvery high

thrust. The size of affordable and proven engines is 1limited,
therefor the required thrust must be achieved by a superior
propulsive coefficient. The critical factor for a waterjet to

achieve the required propulsive coefficient at low speeds is a
high mass flow. This reguired high mass flow can only be
provided by a large waterjet.

Studies of the AAAV with a conventional waterjet of the needed
size showed that when the transom flap was retracted for 1land
mode, the waterjets would protrude more than 28 inches above the
rear deck. This protrusion interferes with rearward vision and
gun depression. The folded flow path of the reflex waterjet
merited study because it offered an opportunity to provide a
much shorter jet that would not protrude above the rear deck of
the AAAV,

This study optimized and evaluated an 1integral electric
motor/waterjet design based on a unigque waterjet configuration
that has demonstrated improved performance compared to
conventional waterjet arrangements in pleasure boat sizes. The
aim of the effort was to develop a waterjet concept that would
offer improved performance and/or reduced power reguirement,
reduced system weight, reduced material cost, conservation of
strategic material and easier maintenance and repair. The prior
experience with the similar concept for recreational boats
provided confidence that these challenging goals could be
reached.
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Use of data from the design and test of previous recreational
units of this general configquration minimized risk by
constraining the study to proven range of design factors. Use of
existing proprietary programs for hydrodynamic optimization and
impeller configuration permitted a very detailed study to be
made within the time and cost limitations of a Phase I SBIR
program. The accuracy of these computer programs has been
confirmed by extensive tests of waterjets built from the results
of these programs. This detailed study assures that the
configurations 1illustrated are feasible and provides a sound
basis for the mechanical design and space requirements. The
mechanical configuration is based on successful experience. The
individual components are of simple, conventional design to
minimize risk.

The scope of the study effort has been sufficient to provide the
basis for a prototype. The hydrodynamics have been pursued in
depth. The mechanical concept is based on previous successful
units and has been reviewed for producibility and
maintainability. Coordination with motor vendors provided
assurance that multiple sources are available for the required
motor.

2. DISCUSSION

2.1 DETAILED DESCRIPTION OF TECHNICAL WORK
2.1.1 PROCEDURES

2.1.1.1 PERFORMANCE OPTIMIZATION

The performance optimization was made by use of W. E. Rodler's
proprietary program JETOPTI9D. This program has been develcped
over a period of 18 years. The accuracy of the results produced
by this program has been confirmed by tests of waterjets
designed by 1its wuse and by comparison with the results of
waterjet analysis by organizations like Aerojet, Rocketdyne,
Dowty and Byron Jackson. Tests have shown perfvrmance variation
of production waterjets built to the same design to be as much
as +/- 2%. The results of this program have been found to fall
within that scatter band.

The program starts with the basic physics of force equals mass
times acceleration of the £luid. Corrections are then made for:

1. Inlet drag based on capture area, hull
velocity and an experimental coefficient.

2. Ram head recovery based on velocity and an
experimental coefficient.

3. Inlet flow loss based on curvature and convergence of
the inlet.
4. Impeiier efficiency based on tip veiocity, diameter,

cavitation limits, flow, and head.
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5. Stator and nozzle 1losses based on geometry and
experimental coefficients.

6. Unit size, flow velozities and anticipated surface
finishes.

The program iterates through a very large number of combinations
of these 1interrelated factors to achieve an optimized system
result.

2.1.1.2 IMPELLER DESIGN

The impeller blade design program is based on an unpublished
design method developed by Heiniich Schneider, the inventor of
the automotive hydrodynamic torque converter. The toroid flow
path essential to the basic torque cunverter mechanical design
was not well suited to conventiconal blade design techniques,
therefor this alternative method was established. The method was
adapted to water pumps using information published by A. J.
Stepanoff with additional modifications £from Fuji Motors
Corporation test data. The method has been developed 1into a
proprietary program by W. E. Rodler and has been wused to
optimize the impeller design. Some of the advantages of blade
systems designed by this method are:

A, High resistance to cavitation. Torgque converters with
this type of blades will operate without cavitation at

a charging pressure of 35 psi compared to the 68 psi
normal required by conventional designs. In waterjets,
simple 1impellers have provided satisfactory operation
suction specific speeds over 30,0080.

B. High efficiency. In a torque converter, efficiency is
critical because it is directly related to vehicle
performance and fuel economy. This situation motivated
the reseavrh to develop more efficient blade designs.

When applied to waterjets, test> indicate an
improvement of approximately 3% over conventional
designs.

C. Simple contours that favor economical fabrication. The
method relates blade contours and passage cross

section. By a series of design iterations it is
possible to achieve a combination of simple blade
contours with flow passage cross sections that provide
high "through flow ability".

2.1.1.3 INLET CAPTURE AREA DESIGN
The design of the inlet is based on extensive tests made during

the development of a 7.34" diameter recreational waterjet. The
critical goals for this section of the waterjet system are:
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Good ram head recovery

Low drag coefficient

Freedom from ventilation

Protection from entrance of foreign items

W N

During the development of the 7.34" waterjet 1inlet, several
satisfactory designs evolved. There were significant variations
in the ram head recovery, but all of the satisfactory designs
produced compurable free running performance. It was concluded
that high levels of ram recovery were associated with
corresponding high 1levels of inlet drag. The basic 1laws of
conservation of energy appear to be at work. Increased ram head
increased flow and gross thrust, but the added drag resulted in
no measurable gain in the speed of a free running hull.

The initial inlet design for the 7.34" waterjet experienced a
ventilation problem. As the hull approached planing speed, a
fraction of air entered the inlet, and pump performance was
seriously degraded. A minor modification of the inlet eliminated
the wventilation problem and no problem was experienced with
subsegquent designs.

Operation with several variations of inlet grill was compared to
operation without a grill. The effect of the well designed
grills was found to be negligible. The most significant
difference between the grill designs was found in their ability
to shed rather than retain foreign items. None was found to be
completely able to shed foreign items. The velocity and
resulting impact forces are high. In one case a 12" 1length of a
fir 2 by 4 impaled itself on a grill. The grill bar cut into the
2 by 4 as an axe might do, and significant force was required to
dislodge this foreign item. The test program showed that an
inlet grill was very desirable and that with proper design there
was no measurable degradation of performance.

2.1.1.4 INLET ELBOW DESIGN

The inlet elbow design is based on the proven principles used in

the design of the earlier reflex waterjets. The velocities and
radii are retained. The low mounting position of the waterjet on
the AAAV increases the net positive head, providing an

additional margin of safety. The passageway is convergent to
minimize losses and to provide improved velocity distribution at
the impeller inlet (see appendix A, REFLEX WATERJET MID PROGRAM
REVIEW, January 29, 1991, page 17).

The velocity of the water increases progressively through the
entire waterjet. The waterjet is a system with a purpose of
accelerating water to a high velocity at the nozzle. Torgue
converter design principles and experience with prior reflex
waterjets indicate that highest systems efficiency is achieved
with a "system approach" to flow velocity that provides the
highest rates of acceleration after the impeller, where the head
is the highest. Prior reflex waterjet designs have provided very
high efficiency by using a constant jerk (rate of change of
acceleration) from inlet to the nozzles. The velocity rates
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through the inlet elbow are governed by this system principle.
(see appendix B, REFLEX WATERJET MID PROGRAM REVIEW, January 29,
1991, page 18)

2.1.1.5 NOZZLE DESIGN

The inlets to the nozzle passages are aligned with the absolute
direction of the impeller discharge flow. The stator of a
conventional pump 1is eliminated as well as the stators 1losses
and cavitation problems. Instead of "straightening out" the
rotation of the impeller discharge flow, there is a smooth
continuation of the angular acceleration started in the
impeller. The passages continue the convergence to continue the
progressive acceleration of the fluid. The nozzle size 1is
determined by the area required to produce the discharge
velocity determine by the performance optimization stucdies.

2.1.2 EQUIPMENT

2.1.2.1 COMPUTATIONS

Most of the optimization and design calculations were made by
use of a Panasonic (IBM PC compatible) computer. The author made
use of an extensive software library previously developed for
converter and waterjet analysis to maximize the amount of
analysis possible within the cost constraints of the program.
2.1.2.2 DRAWINGS

Drawings were made using conventional drafting equipment.

2.1.3 FACILITIES

No special facilities were required to perform this effort.
2.1.4 DATA

Extensive use was made of an unpublished proprietary data base
developed from prior torque converter and waterjet studies and
development programs. Public domain data has been used as noted
in references throughout this report.

2.1.5 MATH COMPUTATIONS (successful and ursuccessful)

Sample calculations and cories of significant computer runs are
attached as appendix D.

2.1.6 RESULTS

This study program has produced a low risk waterjet concept that

provides the required AAAV thrust and offers the following
advantages when compared to conventional configurations:
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Reduced waterjet length
Reduced waterjet weight
Reduced cost

Simplified maintenance
Improved hull performance

[S LI N B S R

2.1.6.1 REDUCED LENGTH

Three major factors contribute to the reduced length of the
reflex, or folded, configuration. First, the intake capture area
is located below the main body of the waterjet, rather than well
ahead of it. Second, the nozzles are located along the side of
the pump, rather than behind it. Finally, a relative large
diameter and correspondingly shorter motor can be used Dbecause
it is not in the main water flow path where a large diameter
motor would 1limit passage area and mass flow.

2.1.6.2 REDUCED WEIGHT

A weight estimate of 551 pounds, includes motor and intake. The
motor weight 1is based an estimate from Unig Mobility. It \is
typical of estimates from two other motor sources. The weight
of the Dbalance of the jet is proportioned from actual scale
weights of a similar, but smaller, waterjet. See Appendix B, Mid
Program Review, January 29, 1991, Page 16 for details of the
calculation.

This weight 1is comparable to prior AAAV waterjets, but it Iis

based on conventional aluminum construction. Application of
composites, as done in the earlier AAAV waterjet should produce
additional weight savings. A cost ws. weight study for

alternative materials is planned as part of a Phase 2 program.

Extensive test experience with similar designs have shown that
an aluminum impeller of the planned configuration will provide
satisfactory performance and life. For details, see Appendix B,
Reflex Jet Mid Program Review, January 29, 1991, Page 15. The
aluminum material will result in savings of both weight and
cost.

A further effective weight reduction will be realized from the
more compact configuration and resulting reduced internal volume
of on board water.

2.1.6.3 REDUCED COST

The aluminum impeller will reduce both material and machining
costs. Aluminum can also be used for much of the balance of the
waterjet without exceeding present target weights.

The simple interface between the motor and the waterjet |is
suitable for motors from most sources. This offers a potential
savings in both development and production procurement.

The design and development problems of the 1land propulsion
motors are far more severe than the waterjet motors because the
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waterjet maximum horsepower requirement occurs at maximum RPM.
The maximum power of the land mode motors must bLe delivered at
low speeds, therefor these motors must be capable of producing
much higher torque. The high torques result in a larger motor
and more severe motor control problems. Any motor and control
sources that can meet the land mode reqguirements can easily meet
the waterjet requirements. The adaptability of the reflex
waterjet to motors from various sources permits electrical
system source selection to be made on the basis of the best land
mode motor and control concepts. Reduced cost and better system
design integration should result from having the land propulsion
and waterjet motors and controls designed and produced by a
single source.

2.1.6.14 SIMPLIFIED MAINTENANCE

The <critical impeller, reduction gearing and motor components
form a single sealed module that can be easily replaced in the
field. This component module can be serviced by higher echelon
personnel who have the necessary equipment and facilities to
perform the <clean and precise maintenance that is required by
such components.

2.1.6.5 IMPROVED HULL PERFORMANCE

The effect of the rearward location of the water inlet of the
reflex waterjet appears to be a significant factor 1in the
performance of the watercraft system. Verification of the
effects of this rear intake location and their quantificatior
are necessary factors in a proper evaluation of the application
of this waterjet system in comparison to conventional designs.
The currently available information suggests more study in this
area would be valuable.

Experimental indications:

Outboard Marine Corporation has conducted a series of tests
comparing a matched pair of Cobalt boats powered by 305 CID
Chevrolet engines. One boat had an OMC inboard/outdrive mounted
propeller and the other had a conventional Jacuzzi waterjet with
a forward water intake. The boat with the forward intake
required an additional 5 mph speed to achieve plane. This curve
is reproduced in Appendix A, REFLEX JET, October 18, 1958, Page
28 of 22. A possible explanation is that the higher dynamic
pressure provided by the additional 5 MPH speed compensates for
the 1loss of 1lift coefficient caused by the forward 1intake.
Analysis of these data by use of Drx. Daniel Savitsky's planing
hull analysis indicates the coefficient of 1lift was 2.0645 for
the hull with an inlet opening for a conventional jet and 8.878
for the propeller boat with no opening in the hull bottom. See
the attached Appendix b, REFLEX WATERJET MID PROGRAM REVIEW,
January 29, 1991, Page 24 for the details of the analysis.

Free 1running tests cf boats equipped with the reflex waterjet
have consistently shown better performance than can be explained
just by the performance of the waterjet itself. A Sea Ray SRV-
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19, a Glastron V-174, and a Sportline 16 were all tested with
Mercruiser Inboard/Outdrive propeller installations that were
replaced and retested with reflex waterjets. Only the drive was
changed. 1In all cases, the top speed of the jet was 1 to 2 MPH
less than the propeller drives, but the acceleration times to
achieve plane were reduced about 38 percent. Conventional jets
typically require a 58 % more power to equal propeller
performance. The reflex Jjet achieved fuel consumption -rates
comparable to the propeller installation. Conventional jets in
the recreation boat industry are noted for their high fuel
consumption.

Analytical considerations:

Analysis indicates that placing the waterjet inlet in the bottom
of a hull should be undesirable and that the significance should
increase with low hull speeds and high mass flow waterjets.

To achieve the desired performance, the waterjets of the AAAV
will have a mass flow of about 20,008 gallons per minute each,
or a total flow of 89,288 GPM, or 178 cubic feet per second.

Studies and tests have shown the AAAV hump speed will approach
18 miles per hour, or 26.4 feet per second. The cross section of
the stream of water under the hull that will be diverted into
the waterjet will therefore be 6.74 square feet. 1If the hull
bottom between the tracks is about 7 feet wide, nearly one foot
depth of water in this area will be diverted into the waterjets.
This quantity should be enocugh to have significant effect on
hull trim, lift and drag.

Tests have shown that a transom flap has a powerful effect on
hulls 1like the AAAV. A transom flap with a 6 foot span and a 4
foot 1length would need to be set at a 16.3 degree deflection to
present the same 6.74 square foot frontal projected area as the
stream of water entering the waterjets.

Dan Savitsky and Peter Brown have published "Procedures For
Hydrodynamic Evaluation of Planing Hulls In Smooth and Rough
Waters" (Marine Technology, October 1976). Page 384 of this
publication gives the following equation (5) for calculating
flap lift:

f = 0.046 * Lf * § * o * b * (p/2 * V2)
Where: Estimate for AAAV

f = Flap 1ift increment, pounds

Lf = Flap chord, ft. 4

o = Flap span-beam ratio 6/11 = B.5455
d = Flap deflection, degrees 16.3°

b = Beam of planing surface, ft. 11
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Mass density, slugs/cu. ft. 2

<
"

Speed, fps 26.4

Inserting values into the equation yields:

f P.P46 * 4 * 16.3 * 9,5455 * 11 * (2/2 * 26.42)

f

n

12,543 pounds

Since the mass of water diverted into the waterjets approximates
the water deflected by the above transom flap, the resulting
forces may be similar.

Independent comments:

Art Carlson, Designer of Glastron's "Carlson" 1line of high
performance boats:

When shown the concept, he was the first person to point
out the probable advantage of avoiding the waterjet inlet
in the bottom of the hull.

Quoting a letter based on engineering analysis from W. H. Knuth,
Program Manager, Midrange Waterjets, Marine Systems, Aerojet
Liquid Rocket Company:

"The aft-mounted intake would appear to benefit from the
up-welling flow as it escapes from astern the transom to
become the wake.

All things considered, we should expect to see a boat that
maintains a more level attitude traversing hump, achieves
and holds plane at lower speeds, has less inlet related
losses and therefore, improved thrust efficiency, reduced
tendency to cavitate at startout, giving better
acceleration and possibly reduced tendency to broach the
inlet in a turn.

A variety of mechanical design advantages come to mind as
well which need not be listed here. I do believe the aft
location of the intake offers potential for being shown to
be superior to a through-hull intake in many if not all
cases."

Quoting from a test report by David Moseley, Chief Engineer,
Propulsion Systems, Glastron Boats:

"The pulling power of the package was demonstrated by
towing a 180 pound slalom skier with three people in the
boat. The boat pulled the skier up with no trouble at all,
much easier than a CV-16 with a Merc 140.
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In general, the Sternjet unit was a very Iimpressive
prototype."

Notes by W. E. R.:

1. The CV-16 is a very similar Glastron boat.
2. The Merc 148 is an inboard/outdrive propeller
with the same engine as used with the waterjet.

Quoting a letter from Gunnar Frandsen, Sales Development Manager
of Volvo Penta of America, Inc.:

"The demonstration of the Sternjet extended to the
management of VOLVO PENTA of AMERICA by Mr. Mallon 1last
summer gave an indication that the concept has satisfactory
performance and offers acceptable maneuverztility when
compared to an inboard outboard drive, and it was most
impressive compared to existing jet drives.

Recommendation:

More study and test is necessary to confirm the magnitude of the
effect of forward intake of a conventional waterjet vs. rearward
intake of a reflex waterjet. The above material indicates that
some effect exists and that the effect may be significant.
Further study appears justified as a system approach to reducing
the AAAV power requirement.

2.1.6.6 MINIMIZING PROGRAM RISK

The program risk has been minimized by basing the design on a
proven concept and by a careful design effort that has retained
all major design factors in a range of prior experience.

The basic concept has demonstrated its performance capability by
extensive tests and operation of:

A. A first series of three prototypes as shown in
Appendix A, REFLEX JET, October 19, 1999, pages 2, 3 &
4,

B. A second series of three prototypes and 58 production
units as shown in Appendix A, Reflex Jet, October 18,
1998, pages 5 through 14

Throughout the Phase 1 design effort, the basic engineering
factors from the above designs have been retained to minimize
risk. Water velocities, curvature of passages, 1impeller blade
angles, tip velocities, cavitation factors, and convergence are
typical of the values retained within ranges established by
previous successful experience.

The level of risk is therefor considered to be very low.
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3. DOCUMENTATION

3.1 The following documentation is provided in support of this
contract:

3.1.1 DRAWINGS AND ILLUSTRATIONS

A, Cross Section of Series #1 Prototypes
(See Appendix A, REFLEX JET, October 18, 13934, Page 3
of 22)

B. Cross Section of Series #2 Prototypes
{See Appendix A, REFLEX JET, October 18, 1998, Page 5
of 22)

C. Cross Section of a Conventional Waterijet
(See Appendix A, REFLEX JET, October 18, 1998, Page 11
of 22)

D. Torgue Converter Cross Section
(See Appendix A, REFLEX JET, October 18, 1999, Page 11
of 22)

E. Side View, HPM Engine and Series #3 Waterjet
(See Appendix A, REFLEX JET, October 10, 1998, Page 15
of 22)

F. Rear View, HPM Engine and Series #3 Waterjet
(See Appendix A, REFLEX JET, October 18, 1998, Page 16
of 22)

G. HPM Outboard Jet
(See Appendix A, REFLEX JET, October 18, 1890, Page 16
of 22)

H. AAAV Electric Waterjet Concept
(See Appendix A, REFLEX JET, October 18, 1998, Page 17
of 22)

I. AAAV Electric Waterjet Concept, Revised
(See Appendix B, REFLEX JET MID PROGRAM REVIEW,
January 29, 1991, Page 4)

J. AAAV Impeller and Reduction Gear Cross Section
(See Appendix B, REFLEX JET MID PROGRAM REVIEW,
January 29, 1991, Page 5)

K AAAV Reflex Waterjet Elevation and Rear View, 1/2
Scale
(CDRL item A@891)

L. AAAV Reflex Waterjet Cross Section, 1/2 Scale
(CDRL item AG81)

M. AAAV Reflex Waterjet, Typical AAAV Installation
(tigure 1) Page 19
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N. Trunnion Mount Steering System

(figure 2) Page 28
0. Alternate "T" flap concept with walkway and crew door
(fEigure 3) Page 21
3.1.2 INTERMEDIATE REPORTS

The following intermediate reports have been supplied:

A. Monthly ©progress reports for October, November and
December of 1598 and for January, February And March
of 1991. '

B. October 18, 1998 Kickoff Meeting presentation data
attached herewith as appendix A.

C. January 29, 1991 Reflex Jet Mid Program Review
presentation data, attached herewith as Appendix B.

3.1.3 LABORATORY REPORTS

No laboratory reports were prepared or submitted as part of this
contract.

3.1.4 CONFERENCE REPORTS

No conference reports were prepared or submitted as part of this
contract.

3.1.5 OTHER RESEARCH SOURCES
None.

4. STATUS OF ACCOMPLISHMENTS

4.1 ASSIGNMENTS

4.1.1 PERFORMANCE OPTIMIZATION

The optimization study started with a matrix of computer runs to
using W. E. Rodler's proprietary "JETOPT9" program. This program
has been developed over a period of eighteen years. Computer
results have been compared to test results to confirm the
effectiveness of the program. Comparisons of computed and test
values are show in Appendix A, REFLEX JET, October 18, 19940,
Page 14 of 20. Additional comparison have been made with
analytical results from Aerojet, Rocketdyne, Byron Jackson and
others to provide additional confidence in the accuracy of
program results. The results fall within the +/- 2% scatter band
that is typical for production waterjets.

The results of these are shown in Appendix B, REFLEX WATERJET
MID PROGRAM REVIEW, January 29, 1991, Pages 7 through 13. The
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results of an optimum combination of these factors is shown on
page 6 of the same Appendix B.

4.1.2 HYDRODYNAMIC DESIGN

The first step was to establish the normal velocity of the water
flowing through the waterjet system. The velocity at the
capture area of the inlet was established based on previous
experience at 31 feet per second at the 18 MPH hull speed. This
results in an inlet velocity ratio of 1.17, which has proven
satisfactory in prior designs.

The nozzle size and discharge velocity was determined by thc
optimized computer run using the "JETOPTS9" program. The nozzle
area of 104.9 square inches resulted in a discharge velocity of
64.11 feet per second.

Between these two points, the flow velocity was determined by
maintaining constant jerk (rate of change of acceleration). This
velocity distribution produces convergent flow throughout the
system.

The 1inlet duct design was derived from previous successful
designs. Test of the previous units have shown a favorable
velocity distribution at the impeller inlet using this design
(see Appendix A, REFLEX JET, October 18, 1998, page 13 of 22).

The impeller is of a forced vortex design. This type of blade
design has been extensively wused 1in automotive torque
converters. It produces a blade that has less difference between
blade angles at the blade tips and roots than £free vortex
designs. The resulting blade shapes are stronger and easier to
produce. The blade angle is also a function of the radius to
each specific point on the blade. A series of impeller <cross
section modifications were made that retain the desired normal
velocity distribution, but refine the blade angles to achieve
simple, easily produced contours. The results of this
optimization 1is shown in Appendix B, REFLEX WATERJET MID
PROGRAM REVIEW, January 29, 1991, Page 28.

The design of the stator and nozzle assembly, 1like the intake,
follows the principles of previous successful designs. The rates
of acceleration are higher, but the head is also much higher,
which avoids the risk of cavitation.

4.1.3 MECHANICAL CONCEPT DESIGN

The general mechanical design follows previous successful
designs. For this application the entire waterjet is supported
by the 1intake elbow. This arrangement has been selected to
assure that the transom flap deflections induced by the pressure
variations from wave action are isolated from the pump and motor
sections of the waterjet. This isolation minimizes the required
impeller tip clearance, which improves pump efficiency and
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extends the service life before excessive tip wear necessitates
maintenance.

The motor 1is mounted to the waterjet by means of a mounting
face, pilot ring and bolt circle. This arrangement has been
extensively used 1in aircraft applications for mounting high
speed (12,088 RPM) alternators and hydraulic pumps. The motor is
easily removed for repair or replacement and the electrical
terminals are readily accessible which simplifies installation
and sealing of the electrical wiring. A key advantage to this
arrangement is that it 1is adaptable to motors of various
sources. While no "Off the shelf" motors have been found to meet
the requirements of this application, four sources have been
found who are able to produce motors for this requirement. (See
Appendix B, REFLEX WATERJET MID PROGRAM REVIEW, January 29,
1991, Page 22)

The impeller 1is driven from the motor by means of star gear
reduction gearing. A star gear set is similar to a planetary
gear set, but the carrier is stationary and the sun and ring
gears rotate in opposite directions. A single stage of gearing
provides the needed ratio to match the speed of the available
motors to the impeller speed. The impeller is mounted to and
extension of the stationary carrier by means of a pair of
tapered roller bearings. The generous spacing between these
bearings provides the 1rigidity necessary to minimize any
possibility of rubbing between the 1impeller tips and the
waterjet housing. An external spline on the ring gear drives the
impeller and axial location of the ring gear is maintained by an
internal snap ring. Gear loads, bearing sizes and seal rubbing
velocity have been checked and suitable sources 1located for
these components. Enough analytical work has been done to assure
feasibility of the design, but an optimization effort is
anticipated as part of phase 2 of the development. A <cross
section of these items is shown in Appendix B, REFLEX WATERJET
MID PROGRAM REVIEW, January 29, 1991, Page 5.

4.1.4 JET SYSTEM CONCEPT

The reflex waterjet configuration offers significant advantages
over conventional arrangements.

There is considerable flexibility in the installed dimensions of
a given diameter reflex waterjet. Various combinations of nozzle
locations, nozzle shapes and inlet horn widths permit
significant wvariations to suit specific applications. The
current configuration proposed for the AAAV is 52 inches 1long,
21 inches high and 21 inches wide. A typical alternative could
have a wider, but shorter inlet elbow. This could offer a
waterjet that was only 48 inches long, 21 inches high and 27
inches wide. A coordinated effort with the vehicle manufacturer
as part of the Phase 2 effort would permit optimizing the
waterjet configuration for the specific vehicle application.

The motor envelope is relatively flexible. The face mounting to
the drive is a widely used in aircraft, machine tools and pumps.
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The motor diameter can be as high as 18 inches without effecting
the overall package dimensions of the motor-waterjet system. The
motor length adds directly to the system length, but the short
length of the reflex jet allows use of any motors of normal
proportions without exceeding the 68 inch overall target length
tor the motor-waterjet system. This dimensional flexibility
enables many sources to supply a suitable motor and provides the
significant advantage of competitive procurement.

The manufacturing cost of the reflex jet compares favorably with
more conventional designs. The compact configuration requires
less 'material. The favorable velocity distribution at the
impeller 1inlet avoids the need for the complex inducer type of
impeller. The simple mixed flow impeller is much easier to
produce. The motor is not exposed to pump output pressure,
minimizing seal cost and potential failures of a high speed,
high pressure seal. The difficult problem of providing and
sealing passages to an internal motor for the electrical power
supply 1is completely avoided. The modular construction of the
motor/reduction gear/impeller assembly significantly facilitates
both manufacturing and maintenance.

4.1.5 INTEGRATION WITH THE VEHICLE

The reflex waterjet can be mounted directly to the transom flap
as shown in figure 1. As noted in section 4.1.4, there is a
reasonable degree of flexibility in the proportions of the
reflex waterjet. A Phase 2 study should include a coordinated
effort with the vehicle manufacturers to achieve the best
integration of the transom flap system with the waterjet.

The waterjets are required to provide tie moments to steer and
control the vehicles motion at the higher speeds when the
maneuvering jets are ineffective. There are three potential ways
tc do this. It can be done by differential motor (and impeller)
speeds, by 1individual nozzle jet deflectors or by swiveling a
jet that is mounted on vertical trunnions.

The differential motor speeds is probably the best and lightest
solution for the AAAV. It adds no mechanical components. The
electronic controls for land mode operation have the variable
speed capability that is necessary to provide this control for
the waterjet motors. This is increased possibility of waterjet
cavitation at low speeds when much of the total power might be
delivered to only two of the jets, but at those speeds they
primary steering control is from the maneuvering Jjets. The
steering moment with this type of control 1is greatest with
widely spaced jets.

The use of individual nozzle deflectors produces a complex
mechanical design. It offers the advantage of redundant control
systems in —case of damage or failure. This system does not
impose added requirements on the electric controls and does not
increase the possibility of cavitation.
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Jets mounted on a vertical trunnion as shown in figure 2 provide
a relatively simple steering arrangement. Such steering has been
used on prior reflex waterjets. 1t was found to provide very
positive steering and the energy to control the system was very
low. There would be a minor loss of effective transom flap area.

A further optimization of the AAAV transom £flap might be
achieved by use of a reflex style waterjet for the maneuvering
jets. The general configuration of a reflex maneuvering jet
would be similar to the HPM waterjet shown in Appendix A, REFLEX
JET, October 18, 1998, Pages 15 & 16 of 22. For the maneuvering
jet application, the nozzle assembly would be rotated 98 degrees
to place the two discharge nozzles almost tangent to the hull
sides. Steering and reverse would be achieved by means of the
deflection plate and reverse port as illustrated. Improvement in
the maneuvering Jjet performance would result from a less
restricted 1inlet condition behind, rather than above the upper
track chord and from the greater moment arm between the waterjet
nozzles. The greatest advantage would result from the wider
transom flap made possible by the greater distance between the
discharge from the left and right maneuvering jets. This added
width would permit a troop walkway between the jets as shown in
figure 3.

5. TESTS
5.1 No tests were conducted as a part of this program.

5.2 Extensive use was made of the data base developed from
prior tests.

The first series of tests was made with the Series #1 prototypes
illustrated in Appendix A, REFLEX JET, October 18, 1998, Pages 3
& 4 of 22. This series of jets were of a 195 mm (7.68 inch)
diameter. Three prototypes were built. One was bench tested for
static thrust and durability. The second was 1installed and
tested in the illustrated Sidewinder hull. Tests included free
running performance, pressures, flows, inlet 1losses and
cavitation characteristics.

The second series of tests was made with the Series #2
prototypes illustrated in Appendix A, REFLEX JET, October 189,
1998, pages 5, 6, & 7 of 22. The three prototypes were installed
in a Sea Ray 190, a Sportline 16 and a Glastron SRV174. The Sea
Ray was tested for thrust, flow, losses, free running
performance and durability. The Sportline was tested for thrust,
flow, 1losses and free running performance. The Glastron was
tested for free running performance and durability.

Approximately fifty production units of the Series #2 design
were manufactured, sold and installed in various boats. Data was
gathered from a few of these 1installations. Performance was
generally comparable to propeller installations. Very few spare
parts have been required to support these units.
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The tested units were approximately one-half the size of the
proposed waterjet for the AAAV. As such, the test data replaces
much of the data that would be obtained from the half size
prototype frequently incorporated in larger waterjet programs.
Program risk is greatly reduced by this relevant experience and
data. The would be a minimal gain from additional half size
prototypes in the AAAV program, therefor proceeding directly to
a full size prototype is recommended.

6. SUMMARY
6.1 MEETS GOALS

The Reflex Waterjet is an attractive alternative to conventional
waterjets for the AAAV. The thrust performance can equal the
best conventional waterjets. The rear water inlet 1location
appears to have a beneficial effect on hull performance. The
unit is very short. The noise signature should be low because of
the simple impeller, high cavitation margin and no direct sound
radiation paths from the impeller blade tips to the outside
water. There are trade offs in length, width and height that can
be used to optimize the reflex waterjet for specific
aprlications. Weight goals are met with conventional materials
and further weight reductions <could be realized by use of
alternative materials like composites for the intake elbow and
silicon carbide aluminum for the impeller.

6.2 LOW TECHNICAL RISK

The data gathered from the extensive tests and experience with
reflex jets about one half the size that would be needed for the
AAAV greatly reduces program risk. Engineering tests, hundreds
of hours of durability tests and practical experience with
commercial wusers minimizes the technical risk associated with
the development of the reflex jet for the AAAV application.

6.3 MAINTAINABLE

The modular construction of the motor, reduction gear and
impeller assembly greatly facilitates maintenance. These main
maintenance items are readily accessible for repair or
repiacement. Simple, conventional construction avoids the need
for many special tools.

6.4 AFFORDABLE

Since the design goals can be met with conventional construction
and materials, costs will be minimized. A further significant
cost reduction can be anticipated from the potential to have
multiple competitive sources for the motor. Tests have shown
that an expensive inducer impeller is not required for the
reflex Jjet, therefor a much less expensive mixed flow impeller
will be used. Extensive experience with smaller similar units
will minimize development cost. The costly fabrication and test
of a half scale model appears unnecessary. The funding that
might otherwise be wused for the half scale model, could be
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invested in a complete set of the non standard parts to support
the test program. This ample supply of spares would minimize the
risk of expensive delays during the test program.

7. CONCLUSION

7.1 The reflex jet is an attractive alternative for the
AAAV water propulsion system.

The Reflex Jet meets the requirements for water propulsion of
the AAAV in a compact, 1light weight package that combines 1low
technical risk, easy maintainability and affordability. The
unique configuration offers a potential system performance
advantage by avoiding the losses associated with conventional
waterjet 1inlet located in the primary hydrodynamic lifting area
of the hull.

The wuse o0f reflex maneuvering jets in combination with the
reflex propulsion Jjet offers an opportunity to use a wider
transom flap that could incorporate a troop walkway between the
waterjets. This arrangement would provide Jimproved combat
effectiveness by partially protecting troops from enemy fire and
by speeding their entry and egress.

8. RECOMMENDATIONS

8.1 Proceed with a phase 2 program to build and test a
prototype reflex waterjet.

Key factors of this program should include:

A. Close coordination of the reflex water design witn the
transom flap assembly design and development to
improve over water performance and combat

effectiveness.

B. Use of existing data base to avoid the need for half
scale prototypes and tests.

cC. Obtaining a complete set of non standard spare parts
to assure that the test program remains on schedule
and budget.
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AAAV REFLEX WATERJET, TYPICAL INSTALLATION

FIGURE 1

1991, Page 19
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HIGH PERFORMANCE MARINE PRODUCTS

Springfield, MO

REFLEX JET TRCHNICAL PRESENTATION
By: Waldo E. Rodler

October 18, 1998

This presentation is provided

under NSRDC contract number N@Pl67-99-8858




KEY CONTRACT PERSONNEL:

BUSINESS MANAGER

R. Kent Wooldridge
4811 Trailwood Drive
Springfield, MO 65804
(417) 822-9218

PRINCIPAL INVESTIGATOR

Waldo E. Rodlerx

1488 Cherry Garden Lane
San Jose, CA 95125

(468) 264-5592, 416-5663

ORIGINAIL. CONCEPT COMBINED:
High Speed Steam Locomotive Water Pick Up
Torque Converter Stator
Torque Converter Pump Impeller

Annular Nozzle, Like Converter Flow Into Turbine

SERIES #1 PROTOTYPES:

CONSTRUCTION

Rear Intake

Annular Jet Discharge
Deflected Reverse
Swivel Steering

PERFORMANCE

Speed Equals Other Jets
Acceleration Equals Other Jets
Very Good Steering

Fair Reverse

REFLEX JET, October 18, 1998, Page 2 of 22




REAR VIEW, SERIES #1 PROTOTYPE
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STATIC FLOATING POSITION, SERIES #1 PROTOTYPE
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SERIES #2,
PROTOTYPES & PRODUCTION

CONSTRUCTION

Rear Intake
. Individual Nozzles
Separate Reverse Nozzles
Swivel Steering®

PERFORMANCE

Speed and Acceleration Equals Propellers

Steering Very Good

Reverse Very Good

Good Fuel Economy

Good Hump Speed Performance
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INSTALLATION OF SERIES #2
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REFLEX JET,

October 19,
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FUEL ECOMONTY TEST OOl IFael a0
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FUEL TEST IDENTIFICATION NUMBERS

#1.

#2

¥3

#4

#5

#6

Boat:
Engine:
Drive:

Boat:
Engine:
Drive:

Boat:
Engine:
Drive:

Boat:
Engine:
Drive:

Boat:
Engine:
Drive:

Boat:
Engine:
Drive:

Chrysler Conqueror S III, 18' (Low Profile)
Chrysler 348 CID
Chrysler Waterjet

Marlin Venus 16', Tri-hull
Mercury 148 HP (Converted Chevrolet 181 CID)
Mercruiser 1/0 Propeller

Mirro-Craft 14' (aluminum)
Evinrude 48 HP Outboard
Propeller

Thunderbird 17' Tri-hull
Mercury 115 HP Outboard
Propeller

Kona Maki 18' (Low profile)
Oldsmobile 390 HP
Berkeley Jet

Glastron/Carlson CVC-18
Oldsmobile 330 HP
Berkeley Jet
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LN Boat: Sportline 16' (Low profile)
Engine: Chevrolet 148 HP, 181 CID
Drive: Reflex Jet, 7.37"

Note:

Tests #1 - #6 were conducted by Bob DeVault, Technical
Editor of Trailer Boats Magazine.

Test #7 was conducted by Ralph Lambrecht of Outboard Marine
Corporation
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amount of curvature in an elbow. It shows losses to be high at
the beginning of the turn, but less for each increment of
curvature. Reference data is for @ to 9P degrees, but it appears
reasonable that the slope of the curve will continue to decrease
with added curvature. A reversed turn, like some waterjet
inlets,should have higher losses in the second turn.
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SERIES #3,

HIGH PERFORMANCE MARINE

CONSTRUCTION

Rear Intake

Dual Low Nozzles
~ Separate Reverse Nozzle
Steering Deflector
General Simplification

Reduced Size

PERFORMANCE

No Change In Performance Factors

—

a

Al

SIDE VIEW, HPM ENGINE AND SERIES #3 WATERJET
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REAR VIEW, HPM ENGINE AND SERIES #3 WATERJET

HPM WATERJET OUTBOARD
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AANAV ELECTRIC WATERJET CONCEPT

——

TRANSOM MQTOR NOZZLES a4

\ T
LT
7

A

ﬁ
[ .
I
2 )
! | Lv
[ a—; S—
éiifTRANSOM FLAP Aié:ERawLEr
ALAV REFLEX JET
STHRTIHG FOINT 16" ELECTRIC JET FOR  &adl
EEEE
53‘:‘"3%-'.:—:*-'.' ................................................ PSRN = SLATLD e R RRARRA LI T TP VPP PEPIPPRREPIPP
. F e~
TG IaIn] T ,_L.._-.;g‘:tf. ....................................................... ‘tl ...................
o '_'""0‘-.._~
PPN B PP -*_._:_.; .........................................................
.-
Wﬂm—i———*"{t—' ............
e
b . . . .
(5 16 el S 15

RS

HULL =FEED <MPH?

B FLOWE CEPr1- 180 * THRUST <POLNDS .
0 EFFICIEMNCY * 1 9830 * THRUZT TarRGET

AAAV ELECTRIC WATERJET INITIAL PERFORMANCE ANALYSIS

REFLEX JET, October 16, 1990, Page 17 of 22




AAAV WA TERJIET CONCEPT
CONSTRUCTION

Front Motor For:
Simple Installation and Repair
Simplified Gear Reduction
Simple Electrical Connections

Rear Intake For:
Low Losses and Good Velocity Distribution
Improved Hull Hydrodynamics

Quad Nozzles For:
Fit Available Space
Good Clearance of Foreign Material

AAAV WATERJIJET
PERFORMANCE OPTIMIZATION

CAPTURE AREA
Optimized For Hump Speed
Use Proven Recovery Factor
Use Proven Drag Factor
Use Proven Recovery & Drag Relation

Provide For Trash Rake Losses

AADARAV WATERJET
PERFORMANCE OPTIMIZATION

INTAKE ELBOW
Head Loss Factors
Curvature
Number of Turns
Diffusion

Discharge Velocity Distribution

Conventional Intake
Elbow Intake

REFLEX JET, October 18, 1990, Page 18 of 22




AAAV WATERJIET
PERFORMANCE OPTIMIZATION

IMPELLER

Intake
Velocity Distribution

Preferred Angles
Tip Velocity Limits

Discharge
Velocity Distribution

Preferred Angles

Cross Section
Optimized for Best Blade Contour

Minimize Wet Area

AANAV WATERJET
PERFORMANCE OPTIMIZATION

NOZZLE SYSTEM
Controls Flow and Jet Velocity

High Flow Increases Internal Losses
Low Flow Reduces Ideal Efficiency

Flow Optimization

Proprietary Program Will Be Used
Program Has Been Validated By:

Prototype Tests
Comparison With Results From Major Waterjet

Manufacturers

HYDRODYNAMIC INTEGRATION

THEORY

Rear Inlet Avoids Intake Sink In Lifting Area
0f The Hull

Trim Angle Is Reduced
Hull Drag Is Reduced
Intake of Air Is Minimized

Boundary Layer Dump Can Improve
Condition of Water Entering Jet

REFLEX JET, October 14, 1990, Page 19 of 22




HYDRODYNAMIC INTEGRATION

TEST RESULTS

Outboard Marine Corporation Tests By R. E. Lambrecht
Show a Five Mile Per Hour Reduction in the Speed
Needed to Plane a Hull When Jet Inlet Was Removed From
the Hull

W. E. Rodler Test Results With the Rear Intake Have
Shown Better Performance Than Can Be Explained by the
Efficiency of the Reflex Jet

5,000
181t. BOAT — 2 PASSENGERS
307C!I V8
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|
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J INBOARD- OUTBOARD DRIVE
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OMC CURVES SHOW EFFECT OF STANDARD WATERJET INLET
ON MINIMUM PLANING SPEED

REFLEX JET, October 18, 1998, Page 28 of 22




ARAAV WATERJET
PERFORMANCE OPTIMIZATION

ELECTRIC DRIVE
Will Be Based On:

U. S. Army TACOM Report No. 13236
Ry Rodler, Shafer, etc.

‘Anticlpated Majcr Components:
High Speed PM Alternator

High Speed Induction Motor
Simple Controls

ELECTRIC DRIVE COMPONENTS
HIGH SPEED PERMANENT MACNET ALTERNATOR

Simple Construction
Small Size

Light Weight
Dependable
Affordable

Very Efficient

ELECTRIC DRIVE COMPONENTS
HIGH SPEED INDUCTION MOTOR

Simple Construction
Small Size

Light Weight

Low Cost

Dependable

Good Efficiency
Easy To Control

ELECTRIC DRIVE COMPONENTS

SIMPLE CONTROL SYSTEM

The Use of an Induction Motor Operating
Synchronous Speed Results In:

High Dependability

Minimum Space Requirement
Easy Maintenance

Highest Possible Efficiency

Near
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AAAV REFLEX WATERJET PROGRAM

PLANNED ACTIONS

1. Update AAAV Data
2. Prepare Comparison Data
3. Optimize Reflex Design

4. Prepare Reflex Drawing

5. Design Review, Washington, D. C.
6. Develop Data Comparison

7. Make Comparison Matrix

8. Present Final Report

REFLEX JET, October 18, 1998, Page 22 of 22
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by
Waldo E. Rodler

1488 Cherry Garden Lane
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Presented at Mid Program Review
DTRC, Bethesda, MD
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HIGH PERFORMANCE MARINE PRODUCTS

Springfield, MO

REFLEX JET MID PROGRAM REVIEW

Technical Presentation
By: Waldo E. Rodler

January 29, 1991

This presentation is provided under
DTRC Contract number NOD167-90-0058




HIGH PERFORMANCE MARINE PRODUCTS
SPRINGFIELD, MISSOURI

WELCOMES YOU TO THE:

. REFLEX JET~
- PHASE |

MID-PROGRAM REVIEW
JANUARY 29, 1991

F’ROGRHM: CONTRACT

1. This is Phase | of a Small Business
Innovative Research (SBIR) progran.

2. 1T 1s DTRC contract NGB167-90-0058.

3. Contract adninistration is by the DTRC
Marine Cores Program Office.

4, The Kickof+f meeting was held on
October 18, 1990

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1991, Faaqe




HIGH PERFORMANCE MARINE PRODUCTS
SPRINGFIELD, MISSOURI

KEY-CONTRACT PERSONNEL: /

Business Manager

R. Kent Wooldridge

4811 Trailvood Orive
Seringfield, Missouri 65804
417> 822 — 9218

Principal Investigator

kaldo E. Rodler

1488 Cherry Garden Lane
San Jose, California 95125
(488> 264 — 3592, 426 — 59663

INTRODUCTION: HSTORY

L

1. The concept wvwas developed during a
torque converter developmnent
progtram forr KOMATSLU.

2. Torque converter technology uas
transferred to the water jet.

3. Three prototypes were built and
tested.

4. The results vere conparable vith
other existing water jets.

——

REFLEX WATERJET MID PROGRAM REVIEW, January 24, 1991, page




INTRODUCTION: HSTORY

1. A redesign vwas made based on the
- data gathered in the tests of the
first Qr‘ofofupes.

2. Three prototyepes uvere built.

3. Tests showed excellent per-formnance
and durability.

4. A limited production run of 580 unit
was made and sold.

2. A total of six spare parts vere sold
in the following five years.

- INTRODUCTION: HSTORY

CURRENT COMMERCIAL ACTIVITY:

1. Design is in process for a compact
transom nmounted uwater jet with
inboard engine.

2. Design in in process for an outboard
engine and Jjet.

3. Progran is paced by engine design
and produc tion facility.

REFLEY WATE™JET MID PROGRAM REVIEW, January 29,
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SPECIFICATIONS:

1. Thrust at 18 MPH 3775 Lbs.

2. Shatt Hor*sepower* 4080

3. Shaft RPM 17508
Inpeller diameter 16.1 Inches
Inpeller tip velocity 123 Ft-/Sec
Nozzle Area 184.91 In*2

Weight with ntake
and motor 551 Lbs.

Life (aluminun inpeller) 144

9. Size (nches) {92 L x21Hx 21
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1. Thrust curves are broadly peaked
for optinized designs.

2. Weight increases exponentially with
size.

3. A 16" size looked good:
96.8¥ of the thrust of the 20" size.
927 of the weight of the 20 " size.

4. A 16.1" size vwas selected to facilitate
direct conparison with the DTRC Jet.
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OPTIMZATION

EFFECT OF SIZE ON THRUST MARGIN

Dia. : Thrust Dry kgt Water Wgt: Total Wgat
In. Lbs. Lbs. Lbs. Lbs.

280 32563 919 o83 1,422
L e — 926 - 326 — 852
Net 114 393 177 278
Drag increase at d/D = 8.2, 8.2%578 =114 LE

Thrust increase with 20" jet 114 Lb

Change in thrust margin ..ece. . o 5 B

INCREASED IMPELLER SPEED

Pernits higher motor speeds with
a ‘'single stage of gear reduction.

Highetr motor speeds tend to:

1. Reduce motor torque
2. Reduce size
3. Reduce ueight

Motor manufacturers are quantifying
these benefits.

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1991, Page °




MPELLER SPEED

1. Current design is based on 1750 RPM.

2. Increased RPM increases Specific Speed
which slightly reduces punp efficiency.

3. Increased RPM increases Suction Specific
Speed vhich reduces cavitation marain.

4. Increased RPM peranits higher motor
speed uith a sinale stage of reduduction
gearing, vhich reduces size, ueight

- and cost of motor and controls.

2. Final selection depends on characteristics
of the selected motor.
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IMPELLER SPEED

EFFECT ON THRUST
RPM Thrust, 1bs.

1,250 3,533
1,750 3,454

Loss = ‘9
EFFECT ON CAVITATION

RPIM Suction Specific Speed

1,250 13,381
1,720 18,733

Comparison: 7.34 operated at 27,000

CAVITATION

Cawvitation is a critical consideration

1. I+ can cause catastrophic loss of
performance.

2. It can seriously linit life by eroding |
inpeller.

Cawvitation considerations limit the n.-Jé'l'ét‘
flow through a jet.

 High flou is required in lou speed hulls
because it inproves efficiency:

L. - 2 x (Hull speed)
Ideal effic =
eal @TTICIeNCY = Hull Speed + Jot Speed)

REFLEX WATERJET MID PROGRAM REVIEW, January %, 1991, paqge




CAVITATION

LIMITING RISK BY ANAL YSIS:

Possibility of cavitation is measured by
conventional suction specific speed
analysis and by "VCF" (Velocity Cornwersion
Factor). VCF is the part of the total
Peag at The mpeller* eye that is velocity
1ead.

Sinilar analytical methods have been:
1. Published by George Hislicenus
2. Used by Merle Huppert, Aerojet

Effectiveness has been confir-nned by
extensive tests of fhe ear'-ller* reflex
vatergets.
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CEITATION MaRGIH VS, 18 MMPH THRUST
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CAVITATION

LIMITING RISK BY PRACTICAL DESIGN

Significant cavitation factors of prior
successftul designs are retained:
1. Inlet configuration and velocity
2. lmpeller tip velocity
3. Impeller inlet angles

4. lmpeller contours
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EFFECT OF LIFT

"I IFT" is the vertical offset from the
static waterline to the mean height
of the nozzles.

The energy required to lift the vater
is a significant loss in the low head,
high mass flouw water jets required

low speed applications.

The lou height of the AAAY water jet
mininizes this loss.

Two low mounted nozzles would mnininiZze
t+his loss, but would increase the
installed ujd‘l'h of the waterjet.
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INLET ELBOW

MAIN DESIGN PARAMETERS ARE RETAINED FROM

PREVIOUS SUCCEFUL DESIGNS:
‘&

o

1. Water velocity
2. Conueﬁgence
3. Inside radius
4. The r/d ratio

5. Hydraulic radius

e

INLET DRAG FACTORS

INLET FARCTORS USED IN THE ANAL YSIS:
Inlet drag ......... ceesssassasssssanssss : 8.85

Inlet velocity head recovery : 8.795

EXTENSIVE FREERUNNING HULL TESTS OF
REASONABLE INLET DESIGNS SHOW:

- 1. Sigmficant variations in These values.

2. No measutr-able change performance.

3. "There’s no free lunch." Design
features that inprove recovery
also increase drag.

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1991, Page ..




ESTIMATE

Results of life tests of 7.34" jet uith
396—-T6 aluninun inpeller.

1. Clear water test:
300 hours = 0.012" tip wear
Wear rate = 0.00804" per hour

2. Sandy beach test:
6 hours = 8.830" tip vear

Mear rate = 0.805" per hour

= ESTIMATE

ESTIMATED LIFE IN AAAY APPLICATION:

1. Typical nission:
Clear wvater, 2.5 hours = 6.00010"
Sur+f zone, 5 minutes = 0.60042"

Wear per mission = 8.08852"
2. Life:
8.038" / 8.898852 = 57 nissions
At 2.3 hr/nission = 143 hours

NOTE: 6.838" vear vas acceptable in 7.34" j

PEFLEX WATERJET MID PROGRAM REVIEW, .January 29, 1991,




EIGHT ESTIMATE

1. The weight estimate is based on ﬂ'i&
scale weights of a sinilar 7.34" ;:_jef

2. Total ueight 7.34! Jjet 94 1bs
Less transom bracket -8 "
Less suwivel nounting -11 -

Net comnparable veight 75 "

3. Estimate for 16.1" jet (from SAE 7402815
W, =K #(Dp/ D> ~3# P,/ P)>~0.7

2 1 2

Wi=75, Di= 7.34, Py=63.32
D2=16.1. P2=28.48
Wo= 442 LBS. (with .intake, vithout notord

# By Rudnicki & S jogren. Aerojet Liquid Rocket

WEIGHT ESTIMATE <

ELECTRIC WATERJET HWEIGHT:
1. Jet wveight with intake 442 1bs.

2. Electric motor | 189 1bs.
(Uniq mobility data)

Total veight 291 1bs.

NOTE: Estinate assumes use of 356-T6
aluminum castings for major parts.
Weight reduction is anticipated by
use of graphite/epoxy,-silicon
carbide aluninumn, etc.

PEFLEYX WATERIJET MID PROGRAM RFVIEW, January 29, 1991, page




CONVERGENT DUCTS

"The avthor has found that a reducing
suction elbouw is just as efficient as a
straight taper, an indication that the bad
effect of an elbow on velocity distribution
is fully nevutralized by the steadying effect
of a convergent channel.”

From:

Centrifugaal and Axial Flow Punes
By: A. J. Stepanoff
John MWiley & sons, New York, N_"u'

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1991, Paage
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IMPELLER DESIGN

Tangential velocity distribution:
FORCED VORTEX
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EDUCTION GEARING

1. A prelininary gear set has been selected on
the basis of a conventional analysis for
beam strength, surface conpressive stress
and anticipated ratio.

2. Stress level is slightly below the leuvel tha
apparently was used in the Westinghouse
motor and is slightly conservative for
military vehicles.

3. Prelimmnary 12 Pd gear set:

Dinmension Sun Planets
TootTh number =
Fitch dianeter .20
Dutside diameter  1.417
Face Width 1.184

PERIODIC MAINTENANCE:

Motor./gear lube, level and condition
Tip wear check
FIELD REPAIR:

Four bolts release motor-/gear/inpeller
assembly

DEPOT REPAIR:

Motor/gear/inpeller assemnbly will
require catreful and clean repair

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1891, Page - .




MOTOR SOURCES

STATUS OF MOTOR SUPPLIERS:

Source Comments

EML Research Active, very interesting
alternates+direct drive

Inland Kollmorgan Active but slouw

Martin Marrietta Not interested

Satcon Industries Active, heavy, conserv-—
ative + light alternate
Uniq Mobihty AcCTive Ti?h'l' welaht, and

in dep'ﬂ1 echnical data
kestinghouse Active, good,understand
use and integration

CONTINUING EFFORT

1. MOTOR SOURCE DESIGN COORDINATION.

2. STUDY NOZZLE/COLLECTOR IMPROVEMENTS
TO REDUCE WIDTH BY USE OF:

SPLAYED NOZZLES
ANNUL AR SEGMENTS
OTHER NOZZLE SHAPES

3. COMPLETE LAYOUTS TO MATCH MOTORS AND
IMPROVED COLLECTOR/NOZZLE UNIT.

4. PREPARE COMPARISON MATRIX.
9. COMPLETE FINAL REPORT.
6. MAKE FINAL TECHNICAL PRESENTATION.

REFLEX WATERJET MID PROGRAM REVIEW, January 29, 1991, Page
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E T LOCATION

EFFECT OF CONVENTIONAL FORWARD WATERJET
INLET ON THE LIFT COEFFICIENT OF A HYDRO-
HYDRODYNAMIC PLANING SURFACE:

Data: Water Jet Propulsion — Conpetition
for Propellers? (SAE Paper 7409283)
By Ralph Lambrecht, Duflqoar‘d Marine

Analysis: Hydrodynamic Design of Planing Hulls
By Dr. Dan Savitsky, Stevens Institute

CLp=a s (l2%p % v b2)
CL g = Lift Coefficient

= Load on water = Y = VYalocity FPS
= Water mass density b = Bean, ft.

=T LOCATION

EFFECT OF CONVENTIONAL FORMWARD WATERJET
INLET ON THE LIFT COEFFICIENT OF A HYDRO-
HYDRODYNAMIC PLANING SURFACE:

3
S

VYalue

Jet Boat

Prop Boat

-'. -'n
]

3140 1bs.

3140 1bs.

1.938

1.938

38.13 (26 MPH)

30.80 (21 MPHD

7.0 1.

7.0 ft.

[
v
b
L

CLp

0.045

0.8709
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E T LOCATION

EFFECT OF CONVENTIONAL FORWARD MWATERJET
INLET ON LIFT: |

1. The forward inlet diverts a layer of vater
about one foot thick from under the
transom flap at 18 MPH.

2. A transom flap vith a 6 foot span, 4 foot
chotrd and 16.3 degree deflection diverts
the same amount of water.

3. Dr. Savitsky‘s equation for flap lift is:

f=0046 ¥ Lf % 0 % o * Eﬁ(p/2'2+€\r‘2

)

4. This equation gives a lift value for a typical
AAAY transom flap of 12,5808 pounds.

RUST PERFORMANCE

1. The reflex jet thrust performnance
is comnparable to the DTRC waterget.

2. The DTRC waterget thrust per-formance
is very good, therefor futher thrust

gains will be linited.

3. The rearward location of the inlet of the
reflex waterjet mnininizes interference
wvith the hull hydrodynamics.

4. With equal thrust, the reflex wvatergjet
should provide better freerunning
hull perfor-mance.
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EXTRA STUDES

DESIRABLE ADDITIONAL STUDIES:

1. Inlet location effects
2. Special uveight saving materials

Graphite/Epoxy conposites ]
Silicon Carbide-/7Aluninumn conposites

3. Water jet/Flap integration

4, mofoi‘fﬁ_ear*ing lubrication and cooling
integaration.

v

FINAL COMMENTS

1. REDUCTION OF WIDTH IS A CRITICAL GOAL.
2. THE CONCEFPT OFFERS ADVANTAGES IN:

LENGTH

WEIGHT
MAINTAINABILITY
SYSTEM PERFORMANCE

3. PROGRAM RISK HAS BEEN MINIMIZED BY USING
PROVYEN DESIGN FACTORS FROM PREVIOUS JETS
THAT HAVE BEEN EXTENSIVELY TESTED. THE
EXPERIENCE FROM THE PREVIOUS EFFORTS
PROVIDES THE DATA FRAUENTLY OBTAINED BY
HALF SCALE MODEL TESTS.
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APPENDIX C
REFLEX JET FINAL PRESENTATION
by
Waldo E. Rodler

1488 Cherry Garden Lane
San Jose, CA 385125

Presented at
Quantico, VA

April 26, 1998
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APPENDIX D
SAMPLE CALCULATIONS
By: Waldo E. Rodler

1488 Cherry Garden Lane
San Jose, CA 19125
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Prec 2

x'&***i%*-***-h*************«!--!<l-********************************f’***************_*«l**

HRRXFXRAREERNEERRE  WATER T OPFTIMIZATION FROGEAM JETOPTY X5 ®ff£erixkeeskxdsrx

2T S ST T S TS S S R S R E S TS S RS S S XTSI LSS LIRSS LTSS SIS S LS LLS ST ST S B X L 23

FILE CODE:  JETOPTID FEVISION 18/7/1386

NOTE: THIS FPROGRAM 1S FRUFRIETARY DATA OF W. E. RODLER AND IS NOT TO BE USED OF
COFIED WITHOUT HIS EXPRESS WRITTEN PERMISSION

DATA INFUT: .
SHAFT HF=---13

FUN DATE: 200310 IMFELLER D., IN: 16 NET 397
DIFFUSION kdf-: .83 DEGREES INLET=--: 1635 TUENS IN-————~- : 1
CAV. LIMIT MFH: 8 INLET LIFT, FT-: -2 VEL. CONV. Kv--: . 6500001
TIF SFEED, FPS: 123 INLET DRAG Cd—-: .25 FAM RECOVERY Kr: .75
FUN NUMBEFR:---: 25 ACCURACY LEVEL-: 100
DESIGN FOINT RESULTS:
INLET VELOUITY, FEET PER SECOND...cvceeacsonaaneass 34,25707
INFUT SHAFT BIFM. it i i enenccnnesoascacersaassnssaaas 17390.435
SUCTION SFECIFIC SFEED..weceerssssssessnscssnsvneae 20413.3
PUMF EFFICIENCY IN PER CENT....vcvvveessnssncasnsess 84.31'338
PUMP FRESSUFRE, FSIl.c.eecvnecccnscncanssnscnnsannsss 23.77992
PUMF SFECIFIC SFEED. i cveeeeccacaanancnnsssnnaneassa- 10426.17
NODZZLE AREA IN SDUARE INCHES.....v.ucccerececnnaae. 97.42499
JET SFEED IN MFH RELATIVE TO HULL....ccoeencecaansss 43.37734
“EED VS. THRUST: '.
SFEED, MFH . THRUST,LBS . FLOW, GFM . IDEAL EFFZ . FROF. EFFZ . EFFEC. HF .
Q.83 $333.70 19316.77 8.00 3.0 Q.00
2.50 38, 86 13370.02 18.87 8.46 33.99
5.080 4743, 34 19370.02 20.62 15.95 £3.31
7.50 33475, 74 19477. 42 29.28 22.595 89.591
10.09 411,35 1'3586.01 37.@5 28.29 112.50
12.50 5955.13 13695. 82 44,07 33.21 121.84
15.00 3708.@7 1386%.837 50. 34 37.36 143.32
17.50 3467.73 20032.77 56.02 4@.76 1€£1.83
20.00 3233.88 20263.88 6t.@87 43, 44 172,47
22.50 3005, 3 20500. 39 65. 66 45. 42 180. 32
25.99 #78@. 56 20802. 30 63.72 46.63 185.37
27.50 2561.30 21053. 26 73.56 47.31 187.83
30.00 2341.94 214738.70 76.73 47.19 187. 36
32.50 H127.46 21770. 86 79.87 46. 44 184,58
35.00 R D, 82.54 44,96 178.48
37.50 17@..39 85.1z2 42.88 17@0. 24
4. 09 143'9, 833 87.34 +3.33 158, 32
42,50 1277.61 89.35 36.47 144,80
45. 00 1y, 22 ‘31.01 3z2.0z2 1:27.11
47090 845,48 32,66 26.97 107 .09

53,10
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SHT, LES

3 LIER

T

THRLY

X Data

10
11
12
13
14
15
16
17
18
19
20

EFFEST OF ZIZE O THRUST AN taRIGHT

.............................................................. {
— 1 :
........................................................................ e B T e
_ __.‘J:-‘-'J_-_f

,—1 R, __,.:’_‘__:_4_&;1 ..................................................
% e i
(5 B N
3 169 L

5 o
IMFELLER Dift. > IMCHES

* 15 MFPH THRUST LES. & 13 MPH THRUST LB

O LIENEHT LITH O IHLET

16 MPH THRUST LBS. 18 MPH THRUST LBS WEIGHT WITH INLET

2767 2699 162
2954 2862 286
3124 3817 256
32717 3154 313
3412 327N 377
3530 3370 448
3629 3449 526
3799 35089 612
3769 3548 706
3811 3567 899
3830 3563 919

Paece3
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FEFECT OF FRTT G THELS T o ST, RER[

AR

p

EC., SFEED-

®
il
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i X L
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et
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y P i
o o s
(Wl I 4 _"',.3:' __J:—:',.
)} 3B 3 :;_._._._. ................ - ~——g._rr .

- T
® = T

j =
L'T_l %1 i 1 A
d e LN pugs]s]s ' T
L IMPELLEFR P

F ;
w1 tPFH THRUET LES. #0018 PP THELET LT
o SFECIFNC SFEED o SIACTROH SFEREC L SR,

g ) X Data 16 MPH THRUST LBS. 18 MPH THRUST LBS. SPECIFIC SPEED SUCTION SPEC. SPD.

716

1874

1432

1799

2148

25097

2865

3796
3741
3686
3629
3570
3511

3449

3616
3561
3506
3449
3391
3332

3271

360.60

549

T743.30

943.98

1151.3@

1366.19

1588.80

771.90

1157.89

1543.80

1929.88

2315.74@

2701.79

3087.70
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= Hed
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THRUS

TEEE

EFEEOTOOF LIFT O THRUZT

1 1 1 L L [ 1 1 1
- —
- RS

-] 1
LIFT 1M FEET

& 1e PMFH THRUZT LES. 0 12 MPFH THRUST LEBS,

16 MPH THRUST LBS. 18 MPH THRUST LBS.

3789 3525
3668 3486
3629 3449
3589 3412
3551 3376
3512 3349
3475 3384
3438 3271
3492 3237

Yaesz 5




T POUNDS

THEL):

Pn o

CANTATION MARGIM VI, 16 MHFH THREUST
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35 « 05 - 5D .
VELOCITY CONVERSION FACTOR (UCF?
8 IDEAL IMLET ¢ EBEST INLET

o IMPROVED IMLET ¥ STANDARD IMLET

X Data IDEAL INLET BEST INLET IMPROVED INLET STANDARD INLET

.45
.55
.65
.75

3823 3659 3612 3596
3916 3798 3644 3625
3987 3718 3651 3629
4042 3718 3649 3612
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X Data

.45
.55
.65
.75

- 45 - SE:-. . 65
VELOCITY COMUERSION FACTOR (UCFD

® DEAL INLET 4 BEST INLET
o IMPROVELD JMLET w STAHDARD IMLET

IDEAL INLET BEST INLET IMPROVED INLET STANDARD INLET

3649 3489 3446 3431
3726 3519 3464 3446
3785 3525 3460 3438
3826 3513 3439 3412
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AARL WATERJET PERFORMANCE RUN 901631.5

28 30
HULL SFPEED N MPH

8 THRUST IN POUNDS
o P. C. »x 16,084

¢ FLOW, BFrM-18

X Data THRUST IN POUNDS FLOW, GPM/19 P. C. x 18,088
8 5830.04 2895.88 8

2 5568.57 2895.89 742
4 5317.76 2898.70 1418
6 5076.61 2194.59 2931
8 4844.16 2113.290 2584
18 4617.56 2122.18 3078
12 4398.48 2133.99 3519
14 4184.62 2145.990 3986
16 3977.13 2161.29 4242
18 3775.28 2179.78 4530
28 3577.38 2198.60 4778
22 3383.85 2222.18 4963
24 3194.87 2247.28 5111
26 3067.082 2270.60 5212
28 2822.94 2298 5269
30 2641.82 2329.680 5282
32 2461.02 2362 5250.
34 2282.714 2395.490 5174
36 2185.99 2429.89 58514
38 1929.33 2469.19 4888
49 1753.38 2509.80 4675

Pace ¢




Pace 1

I R E R R R A R R RS SEE RES R R RS ERS R RS RS RR SRR RRRRRRRERR RS R Rt R Rt Rttt sl S

“AXXXXXXX*x%%x  THREE ELEMENT TORQUE CONVERTER PROGRAM, TC-4G  X*XAXXAXXXXKAXAX
R X2 R R R R R R R R 23223 2222222222222 22222222t 222 R R Rl Rttt st Rt SR
FILE CODE: TC-4G REVISION 5/31/1998
NOTE: THIS PROGRAM IS PROPRIETARY DATA OF W. E. RODLER AND IS NOT TO BE USED OR
COPIED WITHOUT {IS EXPRESS WRITTEN PERMISSION

DATA INPUT:

RUN DATE:988912 IMPELLER R1P---: 3.383 IMPELLER R2P --: 5

IMPELLER AlP -: 68 TURBINE AlT ---: 45 REACTOR AlR ---: 68

IMPELLER A2P -: 589 TURBINE A2T ---: 25 REACTOR A2R ---: 25

SECTION H ----: .6875 SIGMA ---------: .15 MIN. S. R, ----: ¥

DESIGN RPM----: 1758 INCREMENTS ~----: .85 RUN NUMBER ----: 9660912

RESULTS:

SPEED RATIO= TORQUE RATIO= EFFICIENCY= CAPACITY K= FLOW Vn=

g.9000 3.8298 8.90008 238.3513 8.3016
B.8588 3.5643 17.8213 235.2564 B.2949
p.19080 3.3143 33.1439 232.392¢9 g.287%
8.15p0 3.2792 46.1880 229.7743 9.2803
0.2800 2.8582 57.1643 227.4288 8.2724
8.2500 2.6586 66.2648 225.3514 #.2641
g.3008 2.4555 73.6636 223.5898 g.2555
p.3508 2.2721 79.524898 222.1654 8.2463
9.4909 2.8398 83.9989 221.1154 8.2367
B8.4500 1.93717 87.1955 22P.4884 B.2265
8.59P8 1.7851 89.2558 220.3494 B.2157
p.5508 1.6413 90.2728 2208.78717 8.2843
g.6000 1.5856 99.3386 221.9295 g.1922
9.6500 1.3774 839.5280 223.9595 #.2792
B.70080 1.2557 87.9987 227.1612 #.1652
8.7500 1.1490 85.4972 231.9967 8.15P8
g.80090 1.9291 82.3306 239.28490 #.1332
B8.8258 #.9752 88.4536 244.2999 B.124¢2
g.8500 p.922¢0 78.3677 259.6597 P.1142
8.8758 8.8692 76.8532 258.9280 8.1837
2.90088 g.8164 73.4753 270.1062 9.0929
8.9250 8.7629 78.5784 286.1802 8.8790
9.9500 8.79874 67.2853 311.9668 9.9638
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TvFICaL TOROGLIE COMVERTER FPERFORMAMHCE
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1 s S T

X Data

@.0S
.10
.13
9.20
92.25
@.30
0.35
0.40
3.45
2.50
8.95
2.60
0.65
0.70
@.75
0.80
0.85

EFFICIEMCY . X

EFFICIENCY,

@
17.82
33.14
46.13
57.16
&6.:7
3.66
73.52
83.99
87.:20
85. 26
90. 27
90. 34
8%.52
87.950
85.50
8r.35

80. 45

WA
i
@ i
I'!"

%

Y. &9 %)
FUT ~ BPFRMINFUT

« Sk

<+ TORDUE RATID =

TORQUE RATIO X 1@

28.30
35.64
33.14
3@.73
28,50
26.51
24.56
21

139,38
17.85
16. 41
15.086
13.77
12.55
11.40
Q.29
F.73
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RUN §:

Pace )2

IMPELLER CROSS SECTION FOR PUN #PX1@315R, 1750 RPN

IN183158.55 DATE:

9/11/28 BY:W.E.

RODLEF

FOR:

FHEH O R R R F R R P L E R R R E R R F AR R R R SRR R EE R R R LR M R 38
FRON RUNSE: 901@31.5 OF 98/18/31 AND 991831.58 OF 98/11/28
DATA INPUT:

FLOW, 6PMeverrenernnnnsst
INLET AREA, IN-SR........ :
INLET FACE ANGLE, DEG....:
NERIDIONAL DIAMETER, IN..:
DISCHARGE Wt = S2..vvuevut
DISCHARGE AREA, IN-58....:
DISC. FACE ANGLE, DES....:
NERIDIONAL DIAMETER, OUT.:

1,750
21,132,900
183.16
3.00
11.94
31,5100
165.19
5.0
12.97

MERIDIAN RADIUS OPTIMIZATION:

21,5308
217.2101
217.2181

8. 0000

1.8868
8. 2080

AREA CHB/STA.......:
FACE ANGLE/STA..... :

FREREEE HH R R R R R R R R R R R R R L R R R R R L R R R R R H R Y

STATION #
AREA 183.16
ANGLE 3.08
OFFSETS
Ia 11.8786
Y# 5.9700
Yi  2,5554
Yo 8.0468
Xi 11,2496
Yo 10.9518
Va{fps) 37.82
t* 9.0000
] 91.1716
BiSi 9.0009
5i 0.9800
Ba 22,8973
Bi 43.4867
Bo 16,7632

2 83 L]
181,35 179.53 177.74
.28 3.40  3.60

11,8879 12,5451 13,2821
5.8093 6.8524 5.8975
2.7028 2.8472 2.9911
8.9584 8.0720 §.8878

11,9929 12.7355 13.4773

11,6934 12.4251 13.1569

37.38  37.76 38.14
8.9400 9.1550 0.27%0

91.7814 92,4385 93.1189
8.1737 31.6733 55.1728
1.3680 5.2331 9.0484

22,4626 23.4158 24.4847

42.6020 42.6317 42.7662

17.1371 17.9887 18.8841

L I 16
175.94 174,13
3.60 4.98

14,8189
6.1452
3.1342
8.1857

14.2189

13,8887

38.54
8.3859

93. 8466

78.6723

12,8023

25.4387

42,9927

19,8234

14,7556
6.1954
3.2767
8.1258

14.9597

14.62086

38.94
#.50ea0
94,5135

102.1718

16.4916

26.4914

43.2997

28.80864

Page 1

L 1

172,32
4.28

15.4921
5.2482
3.4186
8.1481

15,6999

15.3526

39.34
8.6158
95.4197
125.6713

28.1133

27.5847

43.6774

21,8322

18 L] $e $11
178.32 168,71 166.91  165.10
4.48 4.6 4.8 5.08

17.7884
6.4220
3.8433
8.2288

17.9169

17,5487

48.62

18.4361
6.48508
3.9849
8.2603

18.6548

18.2807

41.97

16,9645
b.3615
3.7818
8.19%

17,1785

16.8166

48.19

16,2284
6.3835
3.5683
8.1727

16,4395

16,0845

39.76
6.7380 8.8458 9.9508 1.0000
96.2652 97.1499 98.90739 99.837!
149,1709 172.6704 196.1639 284.3436

23.6646 27.1432 30.5467 31.5180

28,7877 29.8571 31.8289 31.3850

44,1167 44,6093 45.1474 44,7027

22,9994 24,0057 25.1484 25.5214
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DATA INPUT:

PINION *Np*
GEAR *Np*

FACE WIDTH, INCHES

DIANETRAL PITCH

RPN

HORSEPONER
ACCURACY "e”

"k FOR 28 DEG FD
*C* FOR STEEL

RESULTS:

RATIO = Ng/nP
PINION Dp, INCHES
GEAR Dp, INCHES
CENTER DIST. IN.
PINION 0D, IN.
GEAR 0D, IN.

PITCHLINE FT/MIN
PIN. TORQUE LB-FT
STATIC TODTH LBS.
DYNAMIC TOOTH LBS.

LEWIS FACTOR *Y*
BENDING  PS1
FACTOR *K*
SURFACE PSI

HIN BACKING, IN.

GEAR LOAD

12
29
1.108
18

10,580
133.3

9. 0083
8.8008233
499.5

3.2500
1.2008
3.9000
2.5500
1.4088
4.1000

3,298.7

66.7
1,333.5
5,602.8

2.245
207,897
5, 551
425,788
8.155

AAAV BRTERJET SEAR SEYT LDADING CHART, SEARLOZI

ANALYEIS

13
39
1.100
10

18,500
133.3

0. 0003
9.0000333
499.5

3. 0000
1.3000
3.9020
2.6000
1.5088
4.1000

3,573.6

66.7
1,230.9
5,549.7

0. 264
191,105
5,175
411,104
9. 161

PEOGRAN

14
3¢
1,100
19

19, 500
133.3

0. 2983
0.9000333
499.5

2.7857
1.4800
3. 9800
2,6508
1.6808
4,1000

3,848.4

65.7
1,143.9
5,505.49

0.276
181,324
4,858
398,328
8. 167

15
3
1.100
18

18,508
133.3

0. 0003
#.28000333
499.5

2.6000
1.5000
3. 9000
2.7000
1.7000
4.1000

4,123.3

56,7
1,066.8
5,466.9

8. 289
171,970
4,588
387,089
8.173

FILENANE:

16
KE
1,189
19

10,500
133.3

9. 9983
9.0000333
499.5

2.4375
1.6800
3.9000
2.7500
1.8008
4.1009

4,398.2

£6.7
1,000.1
5,434.1

0.295
167,461
4,354
377,114
9.179

GEARLO2!

17
39
1.100
18

18, 508
133.3
9.8003
9.0908333
499.5

2.2941
1.7008
3.9800
2,8000
1.9000
4.1000

4,673.1
£6.7
941.3
5,485.5

2.382
162,719
4,151
368,194
9.184

11721799

18
39
1,180
19

18,500
133.3

8. 0083
8.0000333
499.5

2.1667
1.8000
3.9080
2.85080
2.8000
4.1000

4,948.8
66.7
889.8
5,380.4

9.308
158,808
3,972
360, 161
2.190

19
3
1,100
10

10, 580
133.3

9. 8003
2.0080333
499.5

2.8526
1.9000
3. 9008
2.9089
2.1008
4,100

5,222.9
86,7
842.2
5,358.2

0.314
155,131
3,813
352,886
2.195

20
39
1.100
10

18, 508
133.3

0. 8003
9.8000333
499.5

1. 9508
2,000
3. 9000
2.9508
2,200
4. 100

5,497.8
66.7
g8ga. !
5,338.4

2.320
151,659
3,671
346,262
2.200

Pace 1S

21
39
1,108
18

i8, 500
133.3
0.0023
#.00080323
499.5

1.8571
2.1000
3.9089
3.0008
2.3008
4,1008

3,544
349,201
9. 285




DATA INPUT:

PINION *Np*
GEAR *Ng"

FACE WIDTH, INCHES
DIANETRAL PITEH

PPN

HORSEPOWER
ACCURACY "e®

"k FOR 2@ DEG FO
"C* FOR STEEL

RESULTS:

RATIO = Ng/oP
PINION Dp, INCHES
GEAR Dp, INCHES
CENTER DIST. IN.
PINION 0D, IN.
GEAR 0D, IN.

PITCHLINE FT/MIN

PIN. TORQUE LB-FT
STATIC TOOTH LBS,
DYNANIC TOOTH LBS.

LEWIS FACTOR *v*
BENDING PS]
FACTOR °K"
SURFACE PSI

NIN BACKING, IN.

-t LOAD

-

.
]
3
1508
1

%
oL

18,588
133.2

2. 8082
#.0000833%
499.5

3,250
1.0000
3.2500
2.1258
1.1687
3.4167

2,748.9

66.7
1,600.2
§,247.7

8. 245
204,907
5,447
421,778
8.129

ARAV WATERJET GEARLDAD, 12 PITCH, (.5 FACE

ANALYSIS

13
39
1.500

12

10,508
133.3

2. 2003
9.0000333
493.5

3. 0800
1.8833
3.2500
2.1667
1.2500
3.4167

2,978.9

§6.7
1,477.1
§,204,2

9. 264
188, 805
5,891
487,756
0. 134

PROGRAM FILENANME:
14 15 16
39 34 34
1.508 1,500 1,500
12 12 12
8,588 19,508 10,509
133.3 133.3 133.3
B.6PR3  2.B203  9.9P03
8.0600333 @.0088333 9.08080333
499.5 499.5 499.5
2,7857  2.6008  2.4375
1,1667 1,258  1.3333
3.2588  3.2508  3,2500
2.2883 2.2  2.2917
1,3333  1.4167  1.5000
3.4167  3.4187  3.4167
3,207.8  3,436.1  3,665.2
66.7 66,7 66.7
1,371.6  1,280,2 1,200.2
6,169.4 §,141.2 6,118.1
8.276 2.289 0.295
178,822 169,999 165,915
4,794 4,335 4,314
395,578 384,863 375,370
8.139 B.144 8.149
Page !

BEAFLDLS

39
1.500
12

10, 500
133.3
9.0023
8.0006333
499.5

2,294
1.4167
3.2500
2.3333
1,5833
3.4187

3,894.3

£6.7
1,129.6
6,899.8

0,302
161,564
4,121
366,884
2.154

11/21790

18
34
1,508
12

19, 569
133.3
9.8003
9.9000333
499.5

2.1667
1.5000
3.2508
2.3750
1,6667
3.4167

4,123.3

86,7
1,066.8
6,883.1

8. 388
158, 892
3,931
399,246
8. 158

19
39
1.580
12

19, 500
133.3

9. 89803
8.0008333
499.5

2.8526
1.5833
3.2500
2.4167
1.7500
3.4167

4,352.4

§6.7
1,010.7
6,069.7

9.314
154,642
3,801
352,330
0.162

[4

28
38
1,508

12

19,509
133.3
0.8003
9.0000333
499.5

1,9508
1.6667
3.2509
2.4583
1.8333
3.4167

4,581.5
66.7
960. 1
6,058.3

2.328
151,458
3,666
345,832
0.167

Pace 16

A
K3}
1,588

12

18,500
133.3
p.8ae3
9.0000333
499,5

1.8571
1.7500
3.2500
2.5008
1.9167
3.4167

4,810.6
66,7
914.4
6,848.6

8,326
148,433
3,545
348,279
8.171
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ELBOW DIMENSIONS, 14" WIDE INLET

Pecc B

ELBOW SECTION DEVELOPMENT PROGRAM

FILENAME :ELBOSESE.SS
(Revision E)
RUN 941214.1

SECT.
NUMBER

SECT.
AREA
IN"2

TAPER
IN/SEC

WIDTH CORNER
RAD. SECT.
IN. THICK

IN.

HALF

Ri
IN.

R/D

R c/1 Ro  SECT.
IN. IN. ANGLE
DEG.

8
9
10

11

216.419
213.280
210.15¢9
2087 .919
203.889
209.759
197.629
194.498
191.368
195.440

203.583

0.000
2.000
0.000
¢.000
0.900
2.909
2.201
8.525
0.648
@#.525

g.201

14.000
14.009
14.000
14.000
14.000
14.000
14.201
14.726
15.374
15.899

16.109

2.000
9.805
1.610
2.415
3.220
4.925
4.830
5.635
6.440
7.245

8.9590

7.729
7.637
7.585
7.572
7.600
7.667
7.663
7.529
7.382
7.563

8.050

2.800
2.845
2.890
2.935
2.988
3.025
3.079
3.115
3.16¢0
3.205

3.259

$.862
0.873
9.881
@.888
9.892
©.895
9.901
$.914
9.928
9.924

0.994

186.529 18.258 165.900
10.482 18.119 148.509
10.475 18.060 132.000
16.5¢7 18.089 115.500
16.580 18.179 99.900
19.692 18.358 82.5¢¢
1¢.733 18.397 66.000
10.644 18.174 49.509
18.542 17.923 33.000
16.768 18.332 16.590

11.300 19.350 0.000

2aze)
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COLLECTOR/NDZZLE. DEVELOFEMENT FILENAME:NOZZLEQ@1

COLLECTOR/NOZZLE DEVELOFMENT

FILENAME: NOZZLE®!

STA.  AREA ©ORNEF

# IN“Z RADIUS
IN.

1 32.553 0.000

2 31.920 ©.289

3 31.288 @.578

4 30.655 0.867

5 30.02z 1.156

6 29.390 1.445

7 28.757 1.7324

8 28.124 2.023

9 27.491 =2.31Z

10 26.859 2.601

11 26.226 2.890

ZORNEFR
LOST
AREA

9.000
0.@72
0.:z87
0. 645
1.147
1.732
2.581
3.513
4.588
5.807
7.170

VEFRT.
HEIGHT
IN.

4,250
4.403
4.556
4,709
4.862
5.014
S5.167
5. 320
5.473
5.626
5.779

WIDTH
IN

7.660
7.266
6.331
6.647
6.411
6.:218
€.065
5.947
3.861
5. 866
5.773

F&ge.-zo




EFFECT OF ANGLED NOZZLES ON THRUST AND CLEARANCE

Pkb&?.l

EFFECT OF ANGLED NOZZLES

filename : NOZSPLAY:SS

DEC. 13, 1999

ANGLE
DEG.

HSUWN-S

@ ~NOND

THRUST
LBS.

3,775
3,775
3,775
3,775
3,775

3,775
3,775
3,775
3,775

3,775
3,775
3,775
3,775

3,775
3,775
3,775
3,775

THRUST THRUST

LOSS
(%)

2.000
8.915
g.061
$.137
2.244

@.381
9.548
@8.745
8.973

1.231
1.519
1.837
2.185

2.563
2.97¢
3.407
3.874

LOSS
LBS.

[-JNC I X

97
112
129
146

SIDE SIDE
THRUST THRUST
(%) LBS.
2.000 @
1.745 66
3.490 132
5.234 198
6.976 263
8.716 329
10.453 395
12.187 4690
13.917 525
15.643 591
17.365 656
19.981 729
24.791 785
22.495 849
24.192 913
25.882 977

27.564 1,041

ADDED CLEARANCE AT:

5"

1”"

15"

2.000
0.017
@.035
8.952
0.079

¢.087
0.105
9.123
8.141

8.158
8.176
8.194
g.213

8.231
9.249
9.268
g.287

¢.000
8.087
8.175
@.262
$.350

8.437
9.526
#.614
2.703

$.792
9.882
8.972
1.063

1.154
1.247
1.349
1.434

2.000
$.175
$.349
8.524
#.699

9.875
1.051
1.228
1.4085

1.584
1.763
1.944
2.126

2.309
2.493
2.679
2.867

2.000
9.262
9.524
$.786
1.949

1.312

1.577
1.842
2.108

2.376
2.645
2.916
3.188

3.463
3.749
4.019
4.301
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